Rabies virus causes fatal encephalomyelitis in humans. It is one of 12 species of the Lyssavirus genus. 1 The other species, mainly of bats, are rabies-related lyssaviruses that may be equally pathogenic. [2] [3] [4] Rabies infection should be entirely preventable. However, when effective treatment is unavailable, unaffordable, delayed or incomplete, virus inoculated into a bite wound can ascend intraneuronally to the brain 5 resulting in fatal encephalomyelitis (Fig 1) .
Epidemiology
Dogs, the main rabies reservoir species, usually infect by an unprovoked bite. Wild mammals such as foxes, raccoons, skunks and wolves are also reservoirs in certain countries and lyssavirus infection of bats has been detected everywhere it has been sought ( Table 1 ). Canine rabies virus causes 99% of the human deaths. 6 All mammals are susceptible to rabies and are potential vectors (able to transmit the virus) including cats, other domestic animals but rarely monkeys. 7 Bites by rodents carry a very low risk.
Clinical rabies encephalomyelitis
Early recognition depends on eliciting a history of a bite or other contact with a possibly infected mammal, most commonly in dog rabies endemic areas of Asia, Africa or South America. There is a wide range of non-specifi c prodromal symptoms, so rabies patients have presented to rheumatologists, neurologists, psychiatrists, cardiologists, respiratory and acute medicine physicians, ear, nose and throat specialists, general and transplant surgeons 8 and GPs. The main clinical features 9, 10 are listed in Box 1.
Prognosis
Without intensive care, unvaccinated victims of furious rabies encephalomyelitis die within a few days, but patients with paralytic rabies may survive for weeks.
Ten case reports of prolonged survival or recovery from rabies have been published. 11, 12 In all but one, one or more doses of vaccine had been received, post-or pre-exposure. Diagnoses were based on detection of very high neutralising antibody levels, or, rarely, by polymerase chain reaction (PCR) or antigen detection. Among the three recoveries, two had been vaccinated after a dog 11 or bat 13 bite, and one unvaccinated patient recovered from a bat infection. 14 American bat rabies viruses may be less pathogenic in humans. All other survivors suffered severe neurological sequelae. 12 No unvaccinated patient infected by a dog or other terrestrial mammal is known to have recovered from rabies encephalitis. Patients who recovered showed early development of neutralising antibody.
Diagnosis
Rapid diagnosis of rabies encephalomyelitis intra vitam is possible by PCR on saliva, cerebrospinal fl uid, respiratory
Prophylaxis
Rabies vaccine is usually given after exposure to a possibly rabid mammal, but it is more effective if used beforehand. The combination of pre-exposure immunisation followed by postexposure boosting has proved 100% effective.
Pre-exposure vaccination
Pre-exposure vaccination is recommended for anyone at risk of contact with a rabid domestic or wild mammal. Contact with a bat anywhere in the world constitutes a possible risk. Travellers should avoid dogs, cats and wild mammals in rabies enzootic areas. A pre-exposure vaccine course is required only once in a lifetime. It is strongly recommended for travellers to, and residents of, countries with dog rabies, 16 and for those at risk through occupation or leisure activities. To reduce the cost, this vaccine can be injected ID. The pre-exposure vaccine regimen is three doses: on days 0, 7 and 28, either one vial IM or 0.1 ml ID in the deltoid area (Table 2 ). 6 The timing of the fi nal dose can be delayed or advanced to day 21. The vaccine must be given IM if immunosuppression is suspected, including by chloroquine medication. The UK regulations permit ID injection by suitably qualifi ed and experienced healthcare professionals with warnings about the prescriber's responsibility and the risk of contamination of vials. 17 If there is insuffi cient time for a full vaccine course before travel, give one or two doses. Having had any vaccine previously is better than none if you are exposed to rabies. The course can be completed later. Booster doses of pre-exposure vaccine are not normally required for travellers if they will have access to vaccine for post-exposure boosting if needed. If vaccine will not be rapidly available, a single booster dose after 5 years is advisable. 18 Booster doses are recommended for people at occupational or high risk of exposure. 6, 19 Post-exposure vaccination Post-exposure treatment is given if a possibly rabid mammal bites or scratches, or licks a mucous membrane. Wound cleaning, rabies vaccination and rabies immune globulin secretions, tears and skin biopsies and by immunofl uorescent staining of skin sections. Daily samples should be tested until a diagnosis is confi rmed. Virus isolation is ideal but takes days. Unvaccinated patients can be diagnosed by fi nding neutralising antibody. Contact the destination laboratory before taking samples.
Management
Partially-documented cases of human rabies survival, reported over the last 40 years, have provided hope that rabies encephalomyelitis might be treatable. However no specifi c treatment has proved effective. Rabies of canine origin remains 100% fatal in unvaccinated people. Patients should be admitted to hospital so that their agonising symptoms can be palliated with adequate doses of analgesic and sedative drugs. 15 Those contaminated by patient saliva should be given prophylaxis. Hospital staff or carers are vaccinated for reassurance. Intensive care may be appropriate in previously vaccinated patients, or those infected by an American bat virus, especially those presenting early with detectable rabies antibody.
Key points
Any mammal can transmit rabies but dog rabies virus causes 99% of human rabies deaths Only pre-exposure immunisation followed by post-exposure boosting has provided complete protection against disease Only one unvaccinated person and two partially-vaccinated ones have recovered from rabies encephalomyelitis for which there is no specifi c antiviral treatment
Intensive care is appropriate in very few cases, only, perhaps, those previously immunised and those infected with American bat rabies virus, which may be less pathogenic in humans KEYWORDS: rabies vaccine, lyssavirus, bat, dog, encephalitis ■ (RIG) are urgently required. However, it is never too late to start treatment. There is no contraindication to post-exposure therapy. Wash the wound thoroughly with soap or detergent and water and apply povidone iodine. For those previously immunised with at least three doses of vaccine, RIG treatment is not necessary but post-exposure boosting is essential using two doses on days 0 and 3 ( Table 2 ). The primary postexposure vaccine regimen in the UK is the IM ('Essen') regimen of fi ve doses on days 0, 3, 7, 14 and 28 into the deltoid (Table 2) . 18 Outside the UK, other IM and ID post-exposure regimens are used. High costs and limited supplies of vaccine result in many preventable deaths. Many lives could be saved if safe, economical ID vaccine regimens were accepted globally. 18 Passive immunisation neutralises virus in the wound, providing crucial protection during the 7-10 days before vaccine induced immunity appears. RIG is not needed if vaccine had been started >7 days previously. Local analgesia is advisable before injection. A dose of human RIG, 20 U/kg body weight, should be infi ltrated into and around the wound. If this is impossible, for example in a fi nger, give the rest IM, preferably into the anterolateral thigh, but not the gluteal region. There is a global shortage of RIG. It is not available in several countries and many rural areas.
Solving the problem of human rabies?
Dog rabies can be eliminated by mass vaccination and contraception for stray dogs. This is the best and most economical way of preventing human rabies in the long term. 20 
